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This stu y was designed to provide information about the juvenile life history of
coho salmon, Oncorhynchus kisutch, in the Tenmile Lakes in Oregon by 1) classifying
scales of spawning fish and outgoing smolts (1 + ), 2) assessing the contribution of
juvenile life history types to the returns of adults (32) and jacks (22), and 3)
comparing growth rates and survival of different types. Scales of outmigrating smolts
from one brood year, jacks from two brood years, and scales of adults from four
brood years were classified into juvenile life histories and examined for several scale
characters. A linear discriminant function analysis was used to show the separation
of the types and to determine the most distinguishing scale characters. Length of
smolts at ocean entry back-calculated from scales of jacks and adults was compared
with the length of the observed group of emigrating smolts.
Based on variation in numbers and spacing of circuli and the size of the
freshwater scale zone, believed to represent different residence time in the
tributaries and the lakes, four types of juvenile life histories were defined.Fish
classified as type 1, stream-reared, are believed to have reared in the tributaries until
migrating as smolts in the following year.Type 2, stream-lake-reared, fish are
thought to have reared in the tributaries for almost a year but then moved down to
the lakes, where rearing continued until smolt migration in spring. Type 3, stream-lake-reared, are believed to have reared for a short time in the tributaries, then
moved down to the lakes sometime in their first year of life. Rearing continued in
the lakes until spring of the following year. Type 4, lake-reared, are thought to have
moved down to the lakes shortly after emergence from the gravel, where they reared
until migrating as smolts in the following spring. Scales of smolts, jacks, and adults
were sorted into these four types. Presently, coho salmon fry and yearlings appear
to be moving out of tributaries in late spring and from March to beginning of May,
respectively. Migration of smolts out of the lake system to the ocean occurs mostly
within the month of May. Recent habitat surveys show that dramatic seasonal
changes occur in use of rearing habitat by juvenile coho salmon in the Tenmile
Lakes tributaries from summer to winter.In winter juveniles appear to be using
more low gradient, low velocity, off-channel areas than in summer.
Fish of type 4 represented 90%, 43%, and 74% of the returns of adults in 1957-
58, 1963-64, and 1971-72, respectively, and 90% of the returns of jacks in 1962-63
and 1970-71. However, no type 4 fish was represented in the returns of adults in
1985-86, whereas type 1 fish represented 89% of the returns. Type 4 appeared to
have grown better in fresh water, reached a larger size at outmigration, and havea
greater relative survival than fish of type 2, when compared among the observed
group of smolts, returning jacks, and adults. The large proportion of the escapement
returning as jacks for some of the years may indicate good growing condition for
juvenile coho salmon in fresh water. According to the classification of jack scales
a large proportion of fish returning as jacks were lake-reared and were found to be
larger at migration to ocean than fish returning as adults. This may suggest that fish
that reared well in the lakes and reached a large size at outmigration had the
tendency to mature early and return as jacks.
Based on the analysis of scales, lake-reared juvenile coho salmon formerly
contributed well to adult returns. The former high returns of jacks and adults reflect
the importance of the lake habitat for the coho salmon populations of this system.
In order to enhance this stock to a higher level, management strategies should be
focused on making the lake habitat available to juvenile coho salmon for at least
some part of their freshwater life.Scale Patterns Indicate Changes in Use of Rearing Habitat by Juvenile
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BY JUVENILE COHO SALMON, ONCORHYNCHUSKISUTCH,
FROM 1955 TO 1984 IN THE TENMILE LAKES, OREGON
INTRODUCTION
Historically the Tenmile Lakes basinwas an excellent producer of coho salmon
(Oncorhynchus kisutch), with estimatedruns of 75,000 adults around the turn of the
century. However, the population has steadily declined in thepast 40 years, and
since 1974 the population has remained low, withan average of around 4,000 adult
returns (Fig. 1).It has been suggested that the productive lake habitatwas the key
to the former abundance of coho salmon, and that most coho fry movedout of the
tributaries into the lakes, where they assumed residence andgrew well before
migrating to the ocean as smolts in the nextyear (Reimers 1989). The decline in the
coho salmon populations has been related to introduction ofother fish species into
the lakes that compete with andprey on the juvenile coho salmon. At present, a
downstream displacement of fry into the lakesappears to result in substantial
mortality from the introduced predators andmay be one of the factors responsible
for a loss in the total production of coho salmon. Thepresent populations of coho
salmon may therefore be largely supported by stream-rearedfish (Abrams et al.
1991).
Variation in juvenile life history of coho salmonappears to be common over its
range. Differences in length of freshwater rearing appear to be relatedto latitude
(Crone and Bond 1976). Coho salmon in the northernrange remain in fresh water
up to 4 years before migrating as smolts compared to typical rearing of 1year in
fresh water for the coho salmon in the southernrange (Drucker 1972; Crone and
Bond 1976). The progeny emergeas fry in spring and rear mainly in streams, but
occasionally in lakes (Foerster and Ricker 1953; Swaleset al. 1988; Swain and
Holtby 1989).Adults
v Jacks
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Figure 1. Estimated escapement of jack (22) andadult (32) coho salmon in the
Tenmile Lakes basin from 1950 to 1988 (unpublisheddata, Oregon
Department of Fish and Wildlife, Charleston, Oregon).3
Different life history types of salmonids have been defined by interpretingscale
patterns from scales of juvenile spring and fall chinook salmon (Reimers 1973;
Schluchter and Lichatowich 1977). Reimers (1973) identified fivedifferent juvenile
life history types of fall chinook salmon in the Sixes River,Oregon. He identified
the same five juvenile life history typeson scales of adult spawners and found that
one life history represented about 90% of the returning adults.Schluchter and
Lichatowich (1977) identified seven different life histories from scalesof adult spring
chinook salmon in the Rogue River, Oregon.They reported that three major
juvenile life histories accounted for 85% of the returning adultpopulation.
The appearance of circuli can varyon fish scales, resulting in different scale
patterns. Circuli and annuli that are laid down ona fish scale are thought to give
a good indication of age and growth of a fish. The rate of circulus formation is likely
to be a function of a number of physical and biological factors, suchas temperature,
feeding rate, light, and maternal and internal factors (Bilton1975). During fall and
winter, growth of fish generally slows down anda band of closely spaced circuli is
formed that is referred to as an annulus (Bilton and Messinger1975).
Successful management of salmonid species relies heavilyon thorough knowledge
of the ecology of juveniles rearing in freshwater. Studies that examine the behavior
and ecology of juvenile salmonids provide fundamentalinformation upon which
freshwater management decisionsare based. The goal of this study was to provide
information on the behavior and ecology of Tenmile Lakes cohosalmon populations.
Specific objectives were to: 1) classify andcompare juvenile life history types of coho
salmon populations in the Tenmile Lakes basin by examiningscales from
outmigrating smolts and returningspawners, 2) determine the contribution of
juvenile life history types of coho salmon to adultreturns, by using scale patterns to
estimate their proportions, 3) compare growth of juvenile lifehistory types of coho
salmon populations, by using scale characteristics, lengthof observed group of
emigrating smolts, and back-calculated length of smolts fromscales of returning fish,
4) contribute to further understanding ofcauses of long-term decline in coho salmon
populations of the Tenmile Lakes system.4
Study area
The Tenmile Lakes basin, located on the Oregon coast, is composed of 10
interconnected lakes, with a combined surface area of 1,296 ha anda drainage area
of 253 km2 (McGie 1979) (Fig. 2).Tenmile and North Tenmile Lakes are the
largest, 658.4 and 444.4 ha, and are named from Tenmile Creek, whichconnects
them to the ocean. Tenmile Lake has often been called South Tenmile Lake, but
that name is incorrect. The lakes were formed by sand dunes that blocked the creek,
resulting in subsequent submergence of the river valleys (Johnson et al. 1985). The
lakes are at low elevation, 6 to 18 m above sea level.
Spawning areas of the tributaries have diminished as a result of re-channeling
streams by landowners to obtain better drainage and from siltation from farming
areas and extensive logging operations (Morgan and Henry 1959). The available
spawning habitat for coho salmon in the Tenmile Lakes drainage has been estimated
to be 100 km (Beidler and Nickelson 1980).
Most of the shoreline around Tenmile and North Tenmile Lakes is privately
owned, and much of the drainage basin is in the Elliot State Forestor is owned by
private timber companies.Inland areas are typically covered with Douglas-fir
(Pseudotsuga menziesii) forest zones with dense brush understory. On theeastern
edge the most predominant tree is the Douglas-fir. Much of thisarea has been
logged and is now covered with young second-growth stands and low underbrush.
Tenmile and North Tenmile Lakes are shallow, eutrophic lakes thatare gradually
filling in with nutrient-rich sediment from their drainage basin. Average depth of
both lakes is about 3 m. The bottom is composed of sand, muck, andpeat. The
lakes are characterized by their shallow depth and dense growth of rooted
macrophytes, including the Brazilian water weed (Elodea densa), bullrushes (Typha
spp.), smartweed (Potamogeton spp.), water milfoil (Myriophyllum verticillatum), and
yellow pond lily (Nuphar pokrepalum). Algal bloomsare often seen in the lakes and
oxygen depletion is frequently noticed (Gestring 1991).2
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Figure 2. Map of the Tenmile Lakes and major tributaries of the lakes basin.6
The fish species presently inhabiting Tenmile and North Tenmile Lakes include
coho salmon, steelhead (Oncorhynchus mykiss), cutthroat trout (0. clarki), hatchery-
reared rainbow trout (0. mykiss), bluegill (Lepomis macrochirus), brown bullhead
(Ictalurus nebulosus), largemouth bass (Micropterus salmoides), hybrid bass (Morone
saxatilis x Morone chrysops), threespined stickleback (Gasterosteus aculeatus), prickly
sculpin (Cottus asper), eulachon (Thaleichthys pacificus), and lamprey (Lampetra
spp.). A wide variety of invertebrates is found in the lakes, with mysid shrimp
(Neomysis mercedes) as the most dominant zooplankter (Anderson 1985). Large
blooms of Daphnia spp. have been observed seasonally.
The history of fish management in the system is a long and complexone. Illegal
introduction of yellow perch (Perca flavescens) and brown bullhead took place in the
early 1930's, and bluegill were first found in the lakes in 1964. Largemouth bass
were introduced into the lakes by the Oregon Department of Fish and Wildlife in
1971 in order to control the bluegill population, and hybrid basswere introduced into
North Tenmile Lake by the Department in 1982. In 1967, 325,000eggs and 679,000
fry of coho salmon were salvaged and placed in hatcheries, while the lakeswere
treated with rotenone to eradicate all the warmwater species in fall of 1968 (McGie
1979). Restocking of the salvaged fish took place in February and March of 1969.
A total of 930,136 young coho salmon was released into the tributaries and lakes of
the system (McGie 1970). The release produced good adult returns (McGie 1979),
but the returns from the first wild brood that reared in the lakes after thetreatment
were even better, with 57,000 jacks in 1970-71 and 28,000 adults in 1971-72 (Fig. 1;
Table 1) (McGie 1972).Nevertheless, over the next three years the salmon
population quickly declined, while at the same time populations of bluegill and
brown bullhead started to rebuild.Table 1.Estimated runs of spawning jack (22) and adult (32) coho salmon inthe Tenmile Lakes basin basedon a relationship
between spawning surveys and Peterson population estimates(unpublished data, Oregon Department of Fish and
Wildlife, Charleston, Oregon).
Parents Progeny
Spawning Jacks Adults 9b a Jacks Adults 9 d season' (66%) (34%) Brood yearBrood year (66%) (34%)
+2 +3
1954-55 21,500 18,000 11,880 6,120 51,500 31,500 20,790 10,710
1960-61 27,000 5,500 3,630 1,870 20,500 11,000 7,260 3,740
1968-69 5,000 7,500 4,950 2,550 57,000 28,000 18,480 9,520
1982-83 4,500 4,000 2,640 1,360 3,000 4,000 2,640 1,360
a Brood year of progeny is designatedas the first year of the winter season.
b Sex-ratio of returning adultsto the Tenmile lakes system is 66% females, 34% males (Al McGie, Oregon Departmentof Fish and Wildlife.
Pers. commun.).8
MATERIALS AND METHODS
Scale samples
Scales from returning coho salmon have been collectedon spawning grounds of
the Tenmile Lakes system for the past 40 years. Returning fishwere identified by
sex and measured for length to the nearest 0.5 cm. Initially, fish were measured from
snout to fork of tail, but later from mideye to the posterior scale (MEPS) in the
lateral line (McGie 1979). In my study, fork lengths of the 1982 broodyear had to
be estimated from MEPS lengths of returning fish by using the regression equations,
Y = 6.29 + 1.08x for females (n=226; r =0.89) and Y= 3.24 + 1.17x for males
(n=83; r =0.84), calculated from the 1968 broodyear. The scales from the spawning
fish were collected from a standard site, the area above the lateral line belowthe
insertion of the dorsal fin.Generally, two to four scales were collected froman
individual. Scales were mounted and acetate impressions created.
From the collection of scales available, I chose the broodyears of 1954, 1960,
1968, and 1982 for this analysis to represent the major juvenile life historytypes of
coho salmon in the Tenmile Lakes basin. The broodyear of an individual is defined
as the first year of the winter season when its parents returned to fresh water to
spawn. Based on previous examination of the scale samples, I estimated that about
100 scales from each year were a sufficient sample to represent different life history
patterns of coho salmon. A preliminary analysis showed that the number of scales
in a sample that were unreadable was about 30% for eachyear. Scales that either
had an irregular nucleus or a nuclear area larger than 18mm in diameter (at 88x)
were classified as regenerated and, along with others that were resorbed,were
excluded from the analysis. Scales that Iwas unable to classify were also omitted,
but these numbered only a few from each broodyear. Since only 85 and 161 scales
were available for the brood years 1960 and 1982, all of the scales were examined
for these two years.Because 32% and 40% of the scaleswere respectively9
unreadable, 58 and 97 scales were left to be classified and measured (Table 2a). For
the other two brood years, 1954 and 1968, much larger samples of scaleswere
available, 802 and 291 respectively.I used a random number generator to select
about 150 scales from those years, incorporating the estimatedpercent of unreadable
scales. Unreadable scales comprised 31% and 25%, leaving 105 and 114 scalesto
be classified and measured. Scales from returning jacks of the 1960 and 1968 brood
were examined.I examined 122 and 129 jack scales from these twoyears.
Unreadable scales were 38% and 21%, respectively, leaving 75 and 102 scalesto be
measured and classified (Table 2b). I read and measured scales of 217 smolts of the
1968 brood collected at the Tenmile Lake outlet from March through beginning of
June 1970. Scales that were unreadable amounted to 23%, leaving 168 scalesto be
classified. All of those were measured for scale radius, but circuliwere counted on
only 68 scales (Table 2b). Most of the scale analysiswas confined to the 1968 brood,
since that brood year was the only one with scale samples from juveniles, smolts,
jacks, and adults.
Scale analysis
The scales of the Tenmile Lakes coho salmon typically showone freshwater
annulus and one ocean annulus. The young coho salmonrear for a year in fresh
water and migrate to the ocean in their second year of life. Adults ready tospawn
return to their natal stream after 14-18 months in the ocean, in their thirdyear of
life, and are designated age 32 (Gilbert and Rich 1927). Precocious malesor jacks
return to spawn after six months in the ocean and are designatedage 22.
The growth of the young salmon accelerates when they enter theocean and this
produces a change in the growth pattern on the scale. Beyond this point,where the
freshwater and saltwater zones on fish scales meet, the circuli abruptly increase in
thickness and spacing (Mathews and Ishida 1989). I used simultaneous examination
of adult and smolt scales from the same brood to learn howto properly identify this
point.10
Table 2. (A) Scales from adult (32) and (B) Jack (22) andsmolt (1 +) from four coho
salmon brood years in the Tenmile Lakes basinthat were analyzed,
measured, and classified.
A.
Total number of scales
available
Total number of scales selected
by random number
Total number of
unreadable scales
Total number of scales
measured and classified
B.
Total number of scales
available
Total number of
unreadable scales
Total number of scales
measured and classified
Brood year
1954 1960 1968 1982
(32) (32) (32) (32)
802 85 291 161
153 152
48 27 38 64
105 58 114 97
Brood year
1960 1968
(22) (1 +) (22)
122 217 129
47 45 45
75 168a 102
aAll 168 scales of smolts were classified into life historytypes and measured for scale radius, but
circuli were counted on only 68 scales.11
From each individual sample I chose the bestavailable scale by using the
following criteria: a) the smallest nucleus, b) the largesttotal scale radius, and c) the
most regular scale. Scales were magnified 88x witha microfiche reader onto a foam
core board. A guide with a longitudinal axis and two 20° radial linesdrawn on it was
placed on the projected scale. The origin of thetwo lines was placed on the focus
of the scale, and the longitudinal axis of theguide was aligned with the anterior-
posterior axis of the scale. Circuluscounts and measurements were taken alonga
radial line 20° from the anterior-posterior axison the ventral side of the scale (Fig.
3). The following scale variableswere measured: numbers of circuli to 1) freshwater
annulus, 2) lake entry, 3) ocean entry, 4)ocean annulus, and 5) scale edge, and scale
radius from focus to 6) freshwater annulus, 7)lake entry, 8) ocean entry, 9)ocean
annulus, and 10) scale edge. All measurements ofscale radius, except the total scale
radius, were made to the center of each circulus.All measurements were made to
the nearest 0.5 mm.
Classification of scale patterns
The ability to distinguish between freshwaterand ocean circuli, and among scale
patterns of stream- versus lake-reared fishwas essential to this scale analysis.
Experienced scale readers provided fundamentalinformation on this part of the
analysis (L. Borgerson, and P.E. Reimers, OregonDepartment of Fish and Wildlife.
Pers. commun.). A preliminary analysis ofjuvenile, smolt, and adult scales of the
1968 brood of coho salmonwas made to search for correlation between length of
stream-rearing and numbers of freshwater circuli.Scale patterns, established both
visually and numerically, and informationon behavior of juvenile coho salmon of this
system were used to define the juvenile life historytypes.
Misclassification of different patternsmay result from subjective interpretation.
Therefore, for validation purposes, twoseparate readings of individual adult scales
were performed. Additionally, a second scale reader classifieda portion of scales
from each brood year. Reading of individualscales of jacks and smoltswasAnterior-Posterior
Axis
200 Radial line
Dorsal-Ventral
Axis
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Figure 3. Schematic drawing of a coho salmon scale, with marked pointsto which
circuli were counted and scale radii were measured.13
performed only once. A linear discriminant function analysiswas applied to the data
on adults and jacks to show the separation of the life history types, anda correlation
analysis of the discriminantscores with the original variables was run to search for
those scale variables most discriminatingamong groups. I selected nine variables to
use in the discriminant analysis of adults, and five variables in the analysis of jacks
(Table 3). The data for adults and jackswere run separately. A program called
Statistical Package for the Social Sciences (SPSS), maintainedon the mainframe
computer system at Oregon State University, was used for the discriminant function
analysis. The correlation analysis used the Statistical InteractiveProgramming System
(SIPS).
Growth comparison and survival of juvenile life historytypes
Scale growth is known to be correlated with growth of thewhole fish.In this
study smolt length, circuli numbers, and scale radiuswere used as measures of
growth of fish.Back-calculation of fish size at an earlierage is known to be
dependent on the relationship between scale radius of thefish and its body length
(Bartlett et al. 1984; Weisberg and Frie 1987).I used a large sample of juvenile,
jack, and adult scales of the 1968 brood of coho salmonto define this relationship
(n =569; Appendix 1). A modified version of theFraser-Lee method was used for
the back-calculation (Ricker 1975; Bartlettet al. 1984; Ward et al. 1989). The back-
calculation formula was modified by taking the naturallogarithm of each variable.
Smolt length was back-calculated from scales of 114adults and from scales of 102
jacks of the 1968 brood. Resorption of edges of adultscales was not apparent for
this brood year but was observed for the otherbroods. Early collection of scales of
fish of the 1968 brood in the estuary instead ofon spawning grounds probably
explains this difference.
Different growing conditions in fresh watermay have resulted in different sizes
of coho salmon smolts. Similarly, it is reasonableto expect that different growing
conditions in fresh water could be reflectedon the scales. This difference could be
reflected in numbers of circuli, scale radius, andaverage intercircular spacing.14
Table 3. Variables used in discriminant analysis.
Variables Description Jacks Adults
FL Fork length at capture x x
CNFFA Circuli number from focus to freshwater annulus x x
CNFAOE Circuli number from freshwater annulus toocean entry x x
CNOEOA Circuli number from ocean entry toocean annulus x
CNOASE Circuli number from ocean annulus to scale edge x
SRFFA Scale radius from focus to freshwater annulus x x
SRFAOE Scale radius from freshwater annulus toocean entry x x
SROEOA Scale radius from ocean entry to ocean annulus x
SROASE Scale radius from ocean annulus to scale edge x
The number and spacing of circuli and the scaleradius were all correlated with
feeding level in juvenile sockeye salmon and growthrate was found to be positively
correlated with feeding level (Bilton and Robins 1971).Growth of fish scales is
generally assumed to be correlated with the growth ofthe fish (Clutter and Whitesel
1956).This relationship is commonly assumed to be linear(Weisberg and Frie
1987).
In this study I wished to test whether fish rearing inthe lakes had a relatively
higher chance of survival than fish rearing in tributaries,assuming that lake-reared
fish were on average larger at outmigration thanstream-rearing fish. A comparison
of proportions of different life history typesamong the observed group of emigrating
smolts and returning adults of the 1968 brood might givesome indication of variable
survival. Several researchers have proposed hypothesesto explain variation in smolt
survival, making the assumption that marine mortalityof smolts is size-dependent
(Foerster 1954; Peterman 1978; Walterset al. 1978; Fisher and Pearcy 1988).If15
larger fish have a greater chance of surviving than smallerones, then the mean of
the back-calculated lengths of smolts that survived to adult should exceed themean
the length of the observed group of emigrating smolts (Mathews and Ishida1989;
Holty et al. 1990).16
RESULTS
Classification and comparison of juvenile life historytypes
Four major types of life histories of juvenile cohosalmon in the Tenmile Lakes
system were defined from the study of juvenile and adult scales andknowledge of
the behavior of juveniles in the tributaries and thelakes (Table 4). The definition
was based on estimated length of residence of juveniles in the tributariesand the
lakes, reflected in numbers of freshwater circuliand the size of the freshwater zone
of the scales.
Table 4. Description of major types of life histories of juvenilecoho salmon in the Tenmile Lakes.
TypeDescription
1 Juveniles rear in tributaries until smolt migration in the springof next year. Smolts move
quickly through the lakes, but may growa little while in lakes prior to outmigration.
2 Juveniles rear in tributaries for almosta year until winter or early next spring, but then drift
or are displaced downstream into the lakes. Rearing continues in the lakes forsome time until
outmigration.
Juveniles rear in tributaries through spring andsummer, but are displaced down to the lakes
during fall freshets in their firstyear. Rearing continues in the lakes until smolt migration the
following spring.
4 Emergent fry drift or are displaced downstream into the lakesprior to scale formation.
Rearing takes place in the lakes until outmigration the followingspring.
Fish scales were classifiedas type 1) stream-reared, 2) stream-lake-reared I, 3)
stream-lake-reared II, and 4) lake-reared. The scales ofsmolts and returning fish
were sorted into these four life history types.
Scales classified as type 1 hada small freshwater zone with tightly spaced,
broken, and branched circuli thatare commonly thought to represent stream-rearing
(Fig. 4a, 5a). The freshwater annulus (winter check)was close to the focus of the
scale, with an average of 12.5 circuli from focusto freshwater annulus on the scales
of returning adults (Fig. 4a, 5a; Table 5). Numbersof circuli to lake entrywere 19.7
on average.Ocean annulus
Figure 4a.Scales of an adult (32), jack (22), and smolt (1+) of fish classifiedas type 1 of coho salmon in the Tenmile Lakes
(scales are magnified 24x).Ocean annulus
Figure 4b. Scales ofan adult (32), jack (22), and smolt (1+ )of fish classifiedas type 2 of coho salmon in theTenmile Lakes (scales are magnified 24x).
1,...,
00Ocean annulus
Figure 4c.Scales of an adult (32) and smolt (1+) of fish classifiedas type 3 of coho salmon in the Temnile Lakes (scales are
magnified 24x).
VD20Table 5. Mean freshwater scale characterson jack and adult scales for all brood years examined. x= mean, ± = standard
error, and n = sample size.
Scale characters
Circuli number from
focus to freshwater
annulus
Circuli number from
freshwater annulus
to ocean entry
Circuli number from
focus to lake entry
Circuli number from
focus to ocean entry
Scale radius from
focus to freshwater
annulus
Scale radius from
freshwater annulus
to ocean entry
Scale radius from
focus to lake entry
Scale radius from
focus to ocean entry
Juvenile life history types of adults Juvenile life history types of jacks
1 2 3 4 1 2 3 4
i 12.5 ± 0.1 12.3 ± 0.2 28.0 ± 3.2 25.3 ± 0.2 12.8 ± 03 12.1 ± 0.7 27.2 ± 0.3
n 121 46 3 204 9 7 161
i 7.7 ± 0.2 15.9 ± 03 7.0 ± 1.2 6.0 ± 0.2 8.0 ± 0.9 15.7 ± 1.4 11.1 ± 0.4
n 121 46 3 204 9 7 161
i 19.7 ± 0.2 16.9 ± OA 10.0 ± 0.3 0.0 ± 0.0 20.6 ± 1.1 18.0 ± 1.7 0.0 ± 0.0
n 121 46 3 204 9 7 161
i 20.2 ± 0.2 28.2 ± 03 35.0 ± 3.0 31.3 ± 0.3 20.8 ± 1.0 27.8 ± 1.8 38.3 ± 0.3
n 121 46 3 204 9 7 161
i 23.3 ± 0.4 22.3 ± 0.6 53.0 ± 4.2 47.9 ± 0.6 23.9 ± 1.8 22.1 ± 1.9 53.3 ± 0.7
n 121 46 3 204 9 7 161
i 14.6 ± 0.6 36.2 ± 1.3 17.7 ± 3.2 11.9 ± OS 13.3 ± 1.9 35.1 ± 3.2 21.3 ± 0.7
n 121 46 3 204 9 7 161
i 36.6 ± 0.6 29.8 ± 0.7 18.7 ± 0.6 0.0 ± 0.0 36.9 ± 1.6 31.9 ± 3.3 0.0 ± 0.0
n 121 46 3 204 9 7 161
x 37.9 ± 0.7 583 ± 1.4 70.7 ± 3.2 59.9 ± 0.8 37.3 ± 1.6 57.2 ± 4.4 74.6 ± 0.9
n 121 46 3 204 9 7 161
N23
The scale pattern classified as type 2 hadan inner zone characteristic of stream-
rearing similar in size to type 1, but alsoan outer, more widely spaced zone
characteristic of lake-rearing, with 15.9 circulion average. The freshwater annulus
was located at an average of 12.2 circuli from the focus of the scale and lakeentry
was located at 16.9 circuli on average (Fig. 4b, 5b).
Scales classified as type 3 showed two distinctzones believed to represent two
rearing locations, tributaries and lakes. A small inner"stream-rearing" zone was
tightly spaced, with about 10 circuli. The largerouter "lake-rearing" zone was more
widely spaced, with 25 circuli onaverage.The freshwater annulus was located in
the outer zone, on average at 28 circuli from the focus of the scale(Fig. 4c, 5c).
The scale pattern classified as type 4 hada large freshwater zone compared to
scales of type 1, with evenly spaced circuli. Fish oftype 4 appear to have entered
the lakes prior to scale formation, becauseno indication of stream-rearing was
apparent on their scales. The freshwater annuluswas located at an average of 25.3
circuli from the focus (Fig. 4d, 5d). Scale radiusto freshwater annulus, lake entry
and ocean entry also differed among life historytypes (Table 5; Fig. 6).
Classification of juvenile life history patterns agreed wellbetween the two
separate readings of the adult scales.Misclassification was low between the two
readings except for the 1982 brood, where thegreatest discrepancy was found (Table
6). The results from the latter scale readingwere used in further analysis of the
data, because they were thought to bemore reliable (Table 6b). Scales of jacks and
smolts were measured and classified onlyonce (Table 7). Some discrepancy was
found in classification of scales into juvenile life historytypes between the author
and a second reader (Appendix 2).
The linear discriminant analysis resulted in high classificationaccuracy of life
history types, ranging from 75% to 100% for adult scalesand 67% to 100% for jack
scales (Table 8).A plot of the discriminant scores of the first and second
discriminant function showed clearly the separation of thetypes (Fig. 7, 8). The
correlation analysis of discriminant scores with the original variablesshowed that for
three of the brood years, the numbers of circuli and scale radiusto freshwater annulus24
TYPE
F FA LE OE
I I II I
F FALE OE
I I I I 2
F LE FA OE
I I I I 3*
F FA OE
I I I 4
LE
a Only three fish were classifiedas type 3
Figure 6. Drawing of freshwater scale radius ofjuvenile life history types from adult
scales and location of focus (F), freshwater annulus (FA),lake entry (LE),
and ocean entry (OE). Distancesare proportional to average scale radii.25
Table 6. Frequency of juvenile life history types classified fromscales of returning
adults (32) of four brood years of coho salmon in the Tenmile Lakessystem.
A) Scale analysis I, B) Scale analysis II.n = sample size.
A. Scale analysis I
Brood year
1954 1960 1968 1982
Life history
type
1 3 2.9 21 362 8 7.0 74 76.3
2 6 5.7 11 19.0 20 17.5 23 23.7
3 2 1.9 0 0.0 0 0.0 0 0.0
4 94 89.5 26 44.8 86 75.5 0 0.0
Total 105 100.0 58 100.0 114 100.0 97 100.0
B. Scale analysis II
Brood year
1954 1960 1968 1982
Life history
type
1 4 3.8 24 41.4 7 6.1 86 88.7
2 5 4.8 8 13.8 22 19.3 11 11.3
3 1 0.9 1 1.7 1 0.9 0 0.0
4 95 90.5 25 43.1 84 73.7 0 0.0
Total 105 100.0 58 100.0 114100.0 97 100.026
Table 7. Frequency of juvenilelifehistory typesclassified from scalesof
outmigrating smolts (1+ ) and returning jacks (22) of the 1960 and 1968
brood years of coho salmon in the Tenmile Lakes basin.n = sample size.
Brood year
1960 1968
(22) (1+) (22)
Life history
type
1 2 2.7 0 0.0 7 6.9
2 3 4.0 76 45.2 4 3.9
3 0 0.0 0 0.0 0 0.0
4 70 93.3 92 54.8 91 89.2
Total 75 100.0 168 100.0 102 100.0
were the scale characters that were most distinguishing among groups (Appendix 3).
For the 1982 brood, on the other hand, the numbers of circuli and scale radius from
freshwater annulus to ocean entry were most discriminatingamong groups. Similarly,
correlation analysis of discriminant scores with scale variables of jack scales showed
the number of circuli and scale radius to freshwater annulusto be most
discriminating among groups (Appendix 4).
Contribution of juvenile life history types to adult returns
The proportions of the juvenile life history types represented in the adultreturns
differed among the four brood years studied, with the 1982 brood substantially
different from the other three. Type 4 was the most abundant life history forthree
of the brood years of returning adults and for both broodyears of returning jacks.
Type 4 represented about 90%, 43%, and 74% of returning adults of the broodyears
1954, 1960, and 1968 (Table 6b). In the returns of jacks of the 1960 and 1968brood,27
Table 8.Results from discriminant analysis of juvenile life historytypes of each
brood year, testing the percent of sample correctly classified. A) Adults
(32); B) Jacks (22). N = sample size and Class. Acc. = Classification
accuracy (percent of sample correctly classified).
A. Adults
Brood year
1954 1960 1968 1982
Life history
type
N Class.
Acc.
N Class.
Acc.
N Class.
Acc.
N Class.
Acc.
1 4 100.0 24 100.0 7 85.7 85 97.6
2 5 100.0 8 75.0 22 86.4 11 81.8
3 1 100.0 1 100.0 1 100.0 0 0.0
4 95 97.9 25 96.0 84 98.8 0 0.0
Composite 105 98.1 58 94.8 114 96.5 96a 95.8
B. Jacks
Brood year
1960 1968
Life history
type
N Class.
Acc.
N Class.
Acc.
1 2 100.0 7 100.0
2 3 66.7 4 100.0
3 0 0.0 0 0.0
4 70 100.0 91 100.0
Composite 75 98.7 102 100.0
a One fish was excluded from the analysis because of missing value.8 ^
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Figure 7. A plot of discriminantscores from the first and second discriminant
function for adults (32) of the brood years 1954, 1960, and1968.8
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Figure 8. A plot of discriminant scores from the first and second discriminant
function for jacks (22) of the brood years 1960 and 1968.30
type 4 represented 93% and 89%, respectively (Table 7). A surprisingly high
proportion of type 1, stream-reared, fish contributed to adult returns from the 1960
brood compared to the returns of the 1954 and 1968 brood. Type 1was the highest
in abundance in the returns of adults of the 1982 brood, in 1985-86, representing
89% of the returning spawners. However, no fish of type 4were represented in the
returns. Increasing proportions of type 2, stream-lake-reared fish represented in the
returns from the 1954 to the 1982 brood year indicate that some rearing in the lakes
is possible and may be of importance. Few numbers of fish classifiedas type 3 for
all the years examined suggest that either this life history type hasnot been abundant
or it does not have a high probability of survival to contribute to adult returns (Table
6b).
The proportions of juvenile life history types appearedto be similar between
spawning fish returning to the tributaries of the Tenmile and North TenmileLakes
(Fig. 9; Appendix 5). To be able tocompare the spawning groups in both lakes the
assumption was made that adult fish return to their natalstream to spawn. Some
straying of fish returning to the Tenmile Lakes system is knownto occur between the
lakes, but is not thought to be extensive (McGie 1971).Only three years were
examined because scales from spawning fish of the 1968 broodwere collected in the
estuary instead of on the spawning grounds.
Relative survival of juvenile fish of the 1968 brood classifiedas type 4, lake-
reared, appeared to be greater than of fish of type 2, stream-lake-reared(Table 9).
The relative abundance of type 4 fish compared to type 2was significantly higher in
the returns of jacks and adults compared to the observedgroup of emigrating smolts
(X2 = 54.7; P < 0.001). The high proportion oflake-reared fish in the returns of
jacks and adults compared to the proportion of stream-lake-reared fishindicates
higher relative survival of lake-reared fish.One unexplained observation is the
presence of type 1 and type 3 among returning jacks and adults whennone were
classified in the sample of outgoing smolts (Table 9). A chi-squaretest indicated a
low probability that fish of type 1 had been drawn from thesame population as all
the other types (P < 0.01).{-MO N"
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Table 9.Frequency of juvenile life history types among smolts (1+ ), jacks (22),
and adults (32) of the 1968 brood of coho salmon in the Tenmile Lakes
system.
(1+ ) (22) (32)
Life history
types
1 0 0.0 7 6.9 7 6.1
2 76 45.2 4 3.9 22 19.3
3 0 0.0 0 0.0 1 0.9
4 92 54.8 91 89.2 84 73.7
Total 168 100.0 102 100.0 114 100.0
aA chi-square analysis of the proportions of type 3 and type 4 among smolts, jacks and
adults found them to be significantly different (X2 = 54.7; P < 0.001).
A chi-square analysis of the proportions of type 1 and all other types combined found them
to be significantly different (X = 11.1; P < 0.01).
Scale characters and back-calculation of length atocean entry of the 1968 brood
Smolt size, number of freshwater circuli, and scale radiuswere used as growth
measures of juvenile coho salmon of the 1968 brood. A regression analysis of fork
length and scale radius of juveniles, smolts, jacks, and adults showed linearity,but
a residual plot showed the error variance to increase with larger scale radius
(Appendix 6). This result suggested that a logarithmic transformation of thedata
would be appropriate (Fig. 10). A residual plot of the transformed dataand a
normal probability plot of the residuals proved the relationship between scaleradius
and fork length to be linear (r2 = 0.98) and theerror variance to be equalIn L = 0.876 + 0.995 In S
1 2 3 4 5 6
In of scale radius (x88)
7
33
Figure 10. The relationship between the natural logarithm of fork length (ln L) and
the natural logarithm of scale radius (88x) (ln S) for juvenile, jack, and
adult coho salmon of the 1968 brood (n = 569).34
(Appendix 6). The relationship was described by the line
In L = 0.876 + 0.995In S
where
L= fork length (mm)
S= total scale radius (mm)
Since a linear relationship exists between the log of fish length and the log of the
scale radius, a modified form of the Fraser-Lee methodwas used to back-calculate
length of smolts at ocean entry (Bartlett et al. 1984; Ward et al. 1989):
In 10E = a + [ln (L- a)/ln S]In soE
where
a= intercept from the regression of ln(fork length) and ln(scale radius)
loE= calculated fork length at ocean entry (OE)
SOE = scale radius at ocean entry (OE)
Fish returning as jacks appeared to havegrown better and reached larger size at
ocean entry than fish returning as adults (Fig. 11). The mean back-calculated length
at ocean entry was 159.2 mm for jacks but 149.4 mm for adults (Table 10). The
mean length at ocean entry for the observed group of emigrating smolts was 147.8
mm.The mean length at ocean entry back-calculated from jack scaleswas
significantly greater than the mean length at ocean entry back-calculated fromadult
scales (P < 0.01; Table 10).However, the mean length at ocean entry back-
calculated from adults was not significantly different from the lengthat ocean entry
of the observed group of emigrating smolts (P= 0.47; Table 10).
The frequency distribution of circuli and scale radius toocean entry for smolts,
jacks and adults was similar to the frequency distribution of the back-calculated
length and observed length at ocean entry (Fig. 12). Themean number of circuli
and average intercircular spacing to ocean entrywere significantly greater for jacks35
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Figure 11. Frequency distribution of length atocean entry of the observed group of
smolts and back-calculated from scales of returning jacks and adults of
the 1968 brood.A.
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Figure 12. Frequency distribution of: (A) Numbers of freshwatercirculi and (B)
Scale radius from focus to ocean entry,on scales of the observed group
of emigrating smolts, returning jacks, and adults of the1968 brood (scale
radius is magnified 88x).37
Table 10. Comparison of mean measurements of scale characters andobserved and
back-calculated smolt length from the group of emigrating smolts,and
adults and jacks of the 1968 brood of coho salmon in the Tenmile Lakes
basin. x = mean, ± = standard error, n= sample size, t = two-sample
t-test.An asterisk (*) indicates level of significance (* P< 0.05; **
P<0.01; ***P<0.001).
Scale characters Observed
Smolts
Adults Jacks
Observed fork
length (mm)
Back-calculated
fork length (mm)
i
i
147.8 ± 1.0
149.4 ± 2.1 159.2 ± 2.4
n 168 114 102
t -0.726 -3.089**
Number of circuli
from focus to
ocean entry i 33.0 ± 0.6 32.6 ± 0.5 35.7 ± 0.6
n 68 114 102
t 0.496 4.223***
Scale radius
from focus to
ocean entry
7(63.5 ± 0.7 63.1 ± 1.0 65.7 ± 1.1
n 168 114 102
t 0.355 -1.794
Average inter-
circular spacing
from focus to
ocean entry
i 1.92 ± 0.02 1.94 ± 0.02 1.84 ± 0.02
n 68 114 102
t -0.748 3.674***38
than for adults (P < 0.001), but not mean scale radius toocean entry (P = 0.07;
Table 10). Mean number of circuli, scale radius andaverage intercircular spacing
to ocean entry were not significantly different between adults and the observed
smolts (P = 0.49, P = 0.72, P = 0.46; Table 10).
Growth comparison of life history types of the 1968 brood
Juvenile coho salmon of type 4, lake-reared, appearedto have grown better and
reached larger size at ocean entry than fish of type 2, stream-lake-reared.Means of
length, number of circuli, and scale radius toocean entry were significantly greater
for lake-reared fish than for stream-lake-reared fishamong, smolts, jacks and adults
of the 1968 brood (P < 0.01 and P < 0.001; Fig. 13a-c; Table 11).However, the
mean average intercircular spacing from focus to ocean entry of the two typeswas
not significantly different among smolts, jacks, and adults (P > 0.05; Table 11). The
other two life history types were of insufficient number for validcomparison.
The back-calculated lengths of coho salmon atocean entry were different for the
juvenile life history types of jacks and adults. The three majortypes were, in order
of increasing size: type 1, type 2, type 4 (Table 12).
Growth comparison of life history typesamong years and between lake-reared jacks
and adults of the 1960 and 1968 brood
The results from the correlation analysis indicated that circulinumber from focus
to freshwater annulus, circuli number from freshwater annulus toocean entry, scale
radius from focus to freshwater annulus, and scale radius fromfreshwater annulus
to ocean entry were the scale characters that were most discriminatingamong
groups. These scale characters were therefore chosen to analyzea difference in
growth of juvenile life history types among broodyears (Table 13).
Analysis of variance of the scale characters selected for eachjuvenile life history
type among years indicated a difference in growth for type 4among years for all four
scale characters (P < 0.001), but did not indicate growth differencefor the other
types except for circuli numbers from freshwater annulus toocean entry for type 1A.
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Figure 13. Length frequency distribution of type 2, stream-lake-reared,and type 4,
lake-reared, fish among smolts (A) and back-calculated fromscales of
returning adults (B) and jacks (C) of the 1968 brood.Table 11. Comparison of mean measurements of observed and back-calculated body length andscale characters of smolts, jacks,
and adults of type 2 and type 4 from the 1968 brood.x = mean, ± = standard error, t = two-sample t-test, and
sample sizes are in parentheses. An asterisk (*) indicates level of significance (** P<0.01;*** P<0.001).
Observed smolts Jacks Adults
Type 2 Type 4 Type 2 Type 4 Type 2 Type 4
Observed fork
length (mm)i139.2 ± 1.4 154.9 ± 0.9
(76) (92)
t -9.54***
Back-
calculated i 140.7 ± 5.4 164.9 ± 1.7 137.6 ± 3.9 156.7 ± 1.7
fork length
(mm) at ocean
entry
(4) (91) (22) (84)
t -2.93*** _4.97***
Circuli from
focus to oceani 28.8 ± 0.7 36.1 ± 0.7 29.2 ± 2.8 37.1 ± 0.4 28.5 ± 0.6 34.5 ± 0.4
entry (29) (39) (4) (91) (22) (84)
t -7.22*** -3.67*** -733***
Scale radius
from focus toi 57.4 ± 0.8 68.6 ± 0.7 55.8 ± 4.8 68.3 ± 0.8 57.8 ± 1.9 66.2 ± 0.8
ocean entry (76) (92) (4) (91) (22) (84)
t 40.34*** -3.19** -4A7*"
AISa from
focus to i 1.95 ± 0.03 1.89 ± 0.03 1.93 ± 0.15 1.85 ± 0.02 2.02 ± 0.04 1.92 ± 0.02
ocean entry (29) (39) (4) (91) (22) (84)
t 1.19 0.95 1.96
a AIS = Average intercircular spacing.
O41
Table 12. Mean observed and back-calculated length of smolts (1+ ), jacks (22), and
adults (32) of the 1968 brood at ocean entry, for three juvenile life history
types.
Observed smolts Jacks Adults
Life Length at Length Length
history
typesa
nocean
entry
s.e. nat ocean
entry
s.e. nat ocean
entry
s.e.
1 0 --- --- 7 96.5 4.2 7 95.2 10.4
2 76 139.2 1.4 4 140.7 5.4 22 137.6 3.9
4 92 154.9 0.9 91 164.9 1.7 84 156.7 1.7
a Fish of type 3 were excluded because of insufficient numbers.
and scale radius from focus to freshwater annulus fortype 2 (P < 0.01). A Duncan
Multiple Range test of the selected scale characters for type 4among years indicated
that the 1954 brood grew less well than the other two broodyears in which fish of
type 4 were observed (1960 and 1968)(P < 0.001). The small difference in circuli
numbers and scale radius for the types 1 and 2 and the fact that onlyone scale
character for each type was differentare not sufficient to suggest a difference in
growth rates among years for these two life historytypes. The few observations of
fish classified as type 3 limit statistical inference about thistype.
The same four scale characters were used for growth comparison of juvenilelife
history types of jacks of the 1960 and 1968 brood. Type 1 andtype 2 jacks did not
show a significant difference in their juvenile growthpattern between years (Table
14). Lake-reared fish of the 1960 brood returningas jacks, on the other hand, had
a significantly higher number of circuli from freshwater annulus to ocean entry and
larger scale radius from focus to freshwater annulus and from freshwaterannulus to
ocean entry than lake-reared jacks of the 1968 brood (P < 0.001), but not signifi-
cantly higher number of circuli to freshwater annulus (P> 0.05). Small numbers42
Table 13. Mean measurements of scale characters of four life historytypes (1-4)
classified from scales of returning adults of the (A) 1954, 1960 and (B)
1968 and 1982 brood years. F = focus of scale, FA= freshwater annulus,
OE = ocean entry, x = mean, s.e. = standarderror, and n = sample size.
A. Brood year
1954 1960
1 2 3 4 1 2 3 4
Circuli from 11.0 112 22.024.2 12.7 12.8 29.0 25.6
F to FA s.e. ±0.7±0.6 ±0.3±03±0.4 ±0.5
Circuli from 9.0 15.4 7.0 3.9 62 14.2 7.9 7.5
FA to OE s.e. ±1.2±1.4 ±0.2±0.4±1.8 ±0.9
Scale radius 24.5 33.6 47.0442 24.7 25.3 51.0 52.8
from F to s.e. ±1.5±1.6 ±0.5±0.9±13 ±1.5
FA
Scale radius 14.8 33.6 24.0 8.3 12.3 35.9 14.0 14.1
from FA tos.e. ±2.1±1.6 ±0.9±1.0±4.6 ± 1.6
OE
n 4 5 1 95 24 8 1 25
B. Brood year
1968 1982
1 2 3 4 1 2 3 4
Circuli from 123 12.1 33.0 26.5 12.5 12.8
F to FA s.e. ±0.5±03 ±0.4±0.2±0.4
Circuli from 93 16.4 5.0 8.0 7.9 163
FA to OE s.e. ±1.2±0.6 ±0.4±03±0.9
Scale radius 22.0 21.0 61.0 50.7 22.9 23.8
from F to s.e.±1.7±0.7 ±0.9±0.4±1.0
FA
Scale radius 18.7 36.8 15.0 15.5 14.9 36.6
from FA tos.e. ±3.4±1.7 ±0.7±0.7±2.9
OE
n 7 22 1 84 86 11 0 043
Table 14. Mean measurements of scale characters of three juvenile life historytypes
(1,2,4) classified from scales of returning jacks of the 1960 and 1968
brood. F = focus of the scale, FA= freshwater annulus, OE = ocean
entry, x = mean, s.e. = standard error, and n = sample size.
Brood year
1960 1968
1 2 4 1 2 4
Circuli from 13.0 123 27.1 12.7 12.0273
F to FA s.e. ±1.0±1.5±0.4±0.7±1.1±0.4
Circuli from 5.0 13.7 12.8* 8.8 173 9.8*
FA to OE s.e. ±1.0±0.9±0.6±1.0±2.1±0.4
Scale radius Fc 28.0252 56.1*22.8 19.9512*
from F to FAs.e. ±2.0±2.7±0.9±2.0±2.4±0.8
Scale radius 8.8 34.0 26.6*14.6 35.9 172*
from FA to s.e. ±2.8±6.8±1.2±2.2±3.7±0.7
OE
n 2 3 70 7 4 91
* The means were significantly different between the 1960 and 1968 broodyears (t-test;
P < 0.001).
of fish of types 1 and 2 limited the accuracy of this analysis.
Fish that reared in the lakes and returnedas jacks showed a different growth
pattern from that of lake-rearing fish returning as adults. Lake-reared juveniles of
the 1960 brood returning as jacks appeared to havegrown better in fresh water than
lake-reared adults of the same brood, but growth rates didnot seem to differ
between lake-reared jacks and adults of the 1968 brood. Growth of lake-rearedjacks
and adults of the 1960 and 1968 broodwas compared by using several scale
characters (Table 15). Lake-reared fish of the 1960 brood returningas jacks44
Table 15. Comparison of mean scale characters of fish of type 4 from scales of jacks
(22) and adults (32) of two brood years. F= focus of the scale, FA =
freshwater annulus, OE = ocean entry, MS= average intercircular
spacing, i = mean, t = two-sample t-test, and n= sample size. An
asterisk (*) indicates level of significance (* P < 0.05; ** P < 0.01; ***
P < 0.001).
Brood year
1960 1968
Scale characters 22 32 22 32
Circuli from
F to FA i
t
27.1
2.07*
25.6 27.3
1.41
26.5
Circuli from
FA to OE
7c
t
12.8
4.67***
7.5 9.8
3.19**
8.0
Circuli from
F to OE
i
t
39.8
6.75**"
33.1 37.1
4.39***
34.5
Scale radius
from F to FA
rc
t
56.2
1.87
52.8 51.2
0.39
50.7
Scale radius
from FA to OE
i
t
26.6
5.57***
14.1 17.2
1.69
153
Scale radius
from F to OE
i
t
82.8
7.22' ..
66.9 68.3
1.86
66.2
AIS from F
to FA i
t
2.08
0.22
2.07 1.88
-1.21
1.92
AIS from FA
to OE
i
t
2.13
2.19'
1.94 1.79
-3.39***
2.01
AIS from F
to OE
i
t
2.08
1.13
2.03 1.85
-2.70**
1.93
n 70 25 91 8445
generally had a significantly higher number of freshwater circuli, larger scale radius,
and higher average intercircular spacing than lake-reared fish returningas adults (P
< 0.05;P < 0.001), but means were not significantly different for scale radius to
freshwater annulus and average intercircular spacing from focusto freshwater
annulus (P > 0.05; Table 15). Lake-reared fish of the 1968 brood returningas jacks
had a significantly higher number of freshwater circuli andaverage intercircular
spacing after the winter check than lake-reared adults (P< 0.01; P < 0.001).
However, freshwater scale radii from focus to freshwater annulus, from freshwater
annulus to ocean entry, and from focus to ocean entrywere not significantly different
between scales of jacks and adults (P = 0.69, P= 0.09, P = 0.06; Table 15).46
DISCUSSION
Major juvenile life history types and their contribution to adult returns
This study revealed that there are four major juvenile life history types of coho
salmon in the Tenmile Lakes system. Classification of the juvenile life history types
was based on inference of length of residence and rearing of juvenile fish in
tributaries and lakes of the system, based on patterns on the scales.Juvenile coho
salmon almost invariably rear in streams but occasionally use lakes for rearing during
some part of their freshwater residence (Foerster and Ricker 1953; Swales et al.
1988; Swain and Holtby 1989).In recent years two of the major tributaries of
Tenmile Lake have been monitored for juvenile and smolt migration. Results show
that coho salmon fry (0 +) are moving down into the lake in late spring and yearlings
(1 +) from early to late spring (Jeff Rodgers, Oregon Department of Fish and
Wildlife. Pers. commun.). Seven years of trapping of smolts at the Tenmile Lake
outlet show that outmigration of wild smolts occurs mostly within the month of May.
However, migration is extended over a period from March through June (Confer and
Reimers 1990).
Two of the four juvenile life history types displayed distinctly different scale
patterns in numbers of freshwater circuli and in scale radius. These life history types
were classified as type 1, a stream-reared fish, and type 4, a lake-reared fish. The
small, tightly spaced freshwater zone on scales of type 1 fishwas thought to represent
slow growth in tributaries. A fish of type 1 is likely to have reared in tributaries
from emergence to outmigration as smolt. Fish classifiedas type 4, lake-reared, are
believed to have been displaced or moved voluntarily almost immediately after
emergence down into the lakes, where they reared until smolt outmigration. This
movement probably occurred prior to scale formation because no typical stream
growth was noted on the scales. Scales of type 4 had a large freshwaterzone with
evenly spaced circuli indicating very good growth in the firstyear of life.
Downstream displacement of coho salmon fry shortly afteremergence from the
gravel is a mechanism that is known to occur in many populations of coho salmon47
(Chapman 1962; Au 1972; Lindsay 1975; Crone and Bond 1976; Scrivener and
Anderson 1984). Chapman (1962) was one of the first to describe these displaced
fry and called them "nomads". In many coastal streams of Oregon, Washington,and
British Columbia, production of coho salmon fry is believedto be in excess of the
carrying capacity of the stream (Chapman 1962; Mason 1969; Hartmanet al. 1982).
Several factors have been proposed to explain this displacement, suchas stream
freshets or discharge (Scrivener and Anderson 1984) and aggressive behaviorof coho
salmon fry (Mason and Chapman 1965). It has been shown that aggressive behavior
of coho salmon fry begins early in development,or within one week after emergence,
and the numbers of fry moving out of a streamare proportional to the density of fry.
Several researchers have reported that smaller, subordinate fish thatare unable to
hold a territory are displaced downstream and sometimesout of the system
altogether, but larger fish are likely to be positioned inupstream areas, feed, and
grow well (Chapman 1962; Mason and Chapman 1965; Mason 1976). Fish oftype
1 that reared in the tributaries of Tenmile Lakesmay originally have been larger,
dominant fish that were able to hold positions. Itcan be hypothesized that type 1
fish were from an earlier peak ofemergence from the gravel than type 4, lake-reared
fish. The lake-reared fish may have beena later emerging fry that were displaced
downstream by larger, subordinate fish of earlieremergence.
Lindsay (1975) showed that emigrating fry of coho salmon in theAlsea watershed
in Oregon that were displaced to downstreamareas survived and contributed to the
spawning escapement. Emigrants were found to have lower survivalthan fish that
remained in headwater areas. Some evidence suggests that cohosalmon fry leave
streams to enter salt water in their first year of life. The fate of fry thatenter salt
water remains largely unknown but some evidence suggests that they havean
exceedingly low probability of surviving in theocean and returning as adults (Crone
and Bond 1976; Mason 1976).Coho salmon fry appear to be poorly equipped
physiologically to survive in full strength salt water. However, juvenile cohosalmon
larger than 50 mm can osmoregulate at high salinities andmay possibly survive in
estuarine areas (Otto 1971; Mason 1976). Tschaplinski (1987) showed thatemergent48
fry in Carnation Creek, British Columbia, inhabited theestuary within one week
after emergence from the gravel, where they reared untilOctober of their first year.
At the start of autumn freshets these coho salmon fry left theestuary and appeared
to be able to tolerate the saline conditions of the nearshorewaters of Barkley Sound
over winter.In Porcupine Creek, Alaska, roughly 60% of estuary-rearedcoho
salmon fry returned upstream to overwinter but the remaining40% left the stream
for the sea in autumn. Some evidence suggests that these fishleaving for the sea in
autumn can contribute to returns of adults (K V. Koski, National Marine Fisheries
Service, Auke Bay, Alaska. Pers. Commun.).
The other two life history types, classifiedas type 2 and type 3 or stream-lake-
reared fish, are somewhat intermediate to the othertypes already discussed in their
length of stream and lake residence. The juvenile life historyclassified as type 2 has
an inner freshwater zone that is believed to represent stream rearing, slightly smaller
than that of type 1, but then an outermore widely spaced zone representing lake
rearing. Back-calculated length at lake entry for fish oftype 2 was 74.0 mm (n = 29;
s.e. = 2.4), which suggests that these coho salmon fry are moving down into the lake
in winter (Fig. 14).It can be hypothesized that fish are displaced into the lakesby
winter freshets. Mason (1976) reported thata large proportion of the overwintering
population of juvenile coho salmon at Sandy Creek, British Columbiawas lost from
the stream after January freshets.Alternatively, coho salmon fry may be moving
down into the lakes in early spring. When juvenile fishhave already gained some
growth, space may be limited and larger fishmay either displace smaller subordinate
fish downstream or seek better forageareas (Chapman 1966).
On scales of fish of type 3, the inner small and tight freshwaterzone is believed
to represent a short period of stream rearing. The outer,more widely spaced zone
is thought to represent rearing in the lakes. The innerzone is comprised of very few
stream circuli and the freshwater annulus is located in theouter lake-rearing zone
of the scale.The exact timing of movement of fish oftype 3 into the lakes is
unknown, but it can be hypothesized that juvenileswere displaced down to the lakes
during fall freshets in their first year of life.61,50
Juvenile coho salmon rearing in streams are known to undergo seasonal
redistribution. Bustard and Narver (1975) demonstrated that in fall, as temperature
decreases and discharge increases, young coho salmon move into slow moving waters.
They concluded that in winter juvenile coho salmon must avoid downstream
displacement and physical injury during freshets. Benson Creek, one of the major
tributaries of Tenmile Lake, was one of many coastal streams examined for seasonal
changes in habitat use by juvenile coho salmon in 1985-90 (Nickelson et al. 1992).
Use of habitat by juvenile coho salmon was found to shift dramatically from summer
to winter. In summer, about 64% of the juvenile coho salmon stream population
have been shown to use pasture areas of the mainstem of Benson Creek, 21% use
upper forested areas, and about 15% use side tributaries (Steve Johnson, Oregon
Department of Fish and Wildlife. Pers. commun.).In winter however, a large
proportion of the juvenile population was found in lower pastureareas that provided
quiet off-channel habitat. These low velocity areas provide good overwinter survival
for juvenile coho salmon, or about 44% from summer to smolting (Jeff Rodgers,
Oregon Department of Fish and Wildlife. Pers. commun.). Some evidence suggests
that juvenile coho salmon of Big Creek, one of the major tributaries of North
Tenmile Lake, move down into side tributaries during winter. These side tributaries
provide good rearing places in winter, but dry up duringsummer (Todd Confer,
Oregon Department of Fish and Wildlife. Pers. commun.).
One additional life history type of coho salmon has already been described for
the Tenmile Lakes system (Ursitti 1989). These fish, called "residuals", extend their
life in fresh water by spending an additional year before migrating to theocean, and
usually return to spawn in the same year. Residuals are designatedage 33. The
number of residual coho salmon in Eel Lake, one of the 10 interconnected lakes of
the system, has been significantly large and they have formed a significant proportion
of the spawning fish returning to Eel Lake. Substantially fewer residuals have been
found in Tenmile Lake than in Eel Lake (Ursitti 1989). The difference in the
morphology and drainage basins of these two lakes has been suggestedas an
explanation. Retention time of water in Eel Lake is 6 months, which is significantly51
higher than in Tenmile Lake, where it is 1 month. Owing to significantly less current
flow through Eel Lake, outmigrating smolts may be less successful in finding the lake
outlet than smolts in Tenmile Lake (Ursitti 1989). No scales of residual coho
salmon were found in this study.
The use of scale patterns to distinguish between juvenile life history types of coho
salmon in this study was apparently successful. Several researchers have used scale
characteristics to differentiate between salmon subpopulations, by using various
discriminant function analyses (Anas 1964; Anas and Murai 1969). In the present
study, classification of juvenile life history types of coho salmon was supported by
results from linear discriminant function analysis (Fig. 7, 8). For three of the brood
years, four scale characters were found to best distinguish between life history types.
These scale characters were circuli numbers and scale radius to freshwater annulus
and circuli numbers and scale radius from freshwater annulus to ocean entry.
Although the result from the classification of scales into life history types of this
study was successful, it should be cautioned that these patterns or types were
subjectively determined.
The analysis of scales from returning fish indicates that former coho salmon
populations of the Tenmile Lakes system were largely supported by lake-rearing fish.
The small proportion of other juvenile life history types contributing to the former
adult returns may reflect their lower relative abundance.It is likely that a large
proportion of the total production of fry was displaced downstream into the
productive lakes, where the young coho salmon immediately acquired residence.
Werner (1966) suggests that the number of fry that are displaced into the lakes from
the tributaries is dependent upon the time and volume of high water that occurs in
the early spring.
The numbers of fry moving out of a stream have been found to be positively
related to density of fry after emergence (Chapman 1965). Mason (1976) showed
that overstocking of fry in a small Vancouver Island stream stimulated outmigration
of smaller fish and resulted in slower growth and survival of resident fish. The size52
of the population of juvenile coho salmon in the lakesmay therefore be a function
of the spawning escapement (Swales et al. 1988).
Other fish species inhabiting the lakes in the 1950'swere largely yellow perch and
brown bullhead. A commercial fishery on yellow perch and brown bullheadwas
allowed in 1952 through 1955 in order to improve growth and providea better
fishery of those species (Salzman and Grenfell 1955). Even though about143 tons
of yellow perch and brown bullhead were removed, the attempt didnot lower their
populations or improve their growth (Abrams et al. 1991).
The proportion of type 1, stream-reared fish contributing to thereturns of adults
in 1963-64 was unexpectedly high compared to the returns in 1957-58 whereas the
return of jacks in 1962-63 was largely supported by lake-rearing fish (Table 6b, 7).
The coastwide escapement of adult coho salmon of the 1957 brood in the Oregon
Production Area was unusually low, probably due toan unfavorable ocean
environment (Nickelson 1983).Simultaneously, the escapement in the Tenmile
Lakes spawning population in 1960-61was fairly low compared to previous years
(Fig. 1; Table 1). With only about 3,600 femalespawners, which is less than one-
third of the female spawners in 1954-55, the seeding capacity of the tributaries ofthe
system may not have been fully exploited (Table 1). This may in turn have affected
the size of the lake-rearing population in 1961-62. The small sample of scalesof
spawning adults available from the 1960 brood may also have caused biased results.
The present wild populations of coho salmon in the Tenmile Lakes have been
suggested to be almost exclusively supported by stream-reared smolts, whichuse the
lakes mainly as a passageway to the ocean (Abrams et al. 1991). Results fromthe
scale analysis of this study support their hypothesis. A high proportion oftype 1
(stream-reared) fish contributed to the returns of adults in 1985to 1986. However,
a general increase in proportion of type 2, stream-lake-reared fish, in the returns
from 1957 to 1986 indicates that lake-rearingmay be possible for some part of
freshwater residence of juvenile coho salmon andmay be important. Results from
trapping of migrating fry and smolts in the spring of 1990 and 1991 in Bensonand
Johnson Creek, two major tributaries of Tenmile Lake, show thata large portion of53
fry are moving out in April through May and yearlings from middle of March to
beginning of May. Length of migrating fish leaving Benson and Johnson Creeks in
the spring of 1990 was estimated to be 43.3 mm and 50.2 mm for coho salmon fry
(n=250, s.e.= 0.6; n =155, s.e.= 0.9) and 94.1 mm and 97.6 mm (n= 252, s.e.= 0.8;
n = 273, s.e. = 0.8) for yearlings, respectively (Jeff Rodgers, Oregon Department of
Fish and Wildlife. Pers. commun.). An analysis of scales of steelhead smolts suggests
that some lake-rearing of juvenile steelhead may occur in winter. Unusually good
growth was noted on their scales (Ken Kenaston, Oregon Department of Fish and
Wildlife. Pers. commun.). That no type 4, lake-reared fish contributed to adult
returns in 1985 to 1986 suggests that fry displaced down into the lakes at small size
face high mortality because of predation and competition from other fish species of
the lake.
Reimers (1989) suggests that there is a strong temporal association between the
introduction of largemouth bass in 1971 and the low, stable population of coho
salmon since then (Fig. 1). Tenmile Lake, North Tenmile Lake, and Eel Lake have
been gillnetted during winter since 1987 and very few wild juvenile coho salmon have
been found in the samples. This further indicates little use of the lakes as a rearing
habitat (Todd Confer, Oregon Department of Fish and Wildlife. Pers. commun.).
Coho salmon fry that now drift or are displaced into the lakes may be subjected to
high level of predation from largemouth bass.
Competition with the introduced warmwater species has been suggested to beone
of the causes for the reduction of coho salmon abundance. In the years shortly after
the rotenone treatment in 1968 the coho salmon population became very abundant,
with returns of up to 57,000 jacks in 1970-71 and 28,000 adults in 1971-71 (Fig. 1).
These excellent returns of coho salmon may be explained by a temporary reduction
in competition from the bluegill population of the system. Bluegillwere illegally
introduced and were first noticed in the lakes in 1964. They thrived well in the lakes
and became overabundant. It has been suggested that bluegill fed voraciouslyon
chironomid (Chironomidae) larvae, the stage prior to development ofpupae that
juvenile coho salmon were found to favor (A. McGie Oregon Department of Fish54
and Wildlife. Pers. commun.).After the rotenone treatment the juvenile coho
salmon reared in the lakes in almost a competitor-predator-free environment.
However, in the next few years the bluegill and the brown bullhead populationswere
rebuilding rapidly, while the coho salmon population quickly beganto decline.
Growth and survival
A large proportion of the escapement of the 1968 brood returnedas jacks
(57,000), which was the largest escapement of jacks in 15years, since 1955 (Fig. 1)
(McGie 1972). The large return of jacks may indicate good growing conditions for
young coho salmon during their freshwater residence. Classification of jack scales
also suggests that a large proportion of the fish returningas jacks reared in the lakes
for their entire freshwater residence. The results indicate that juvenile coho salmon
returning as jacks grew better in fresh water and were larger atocean entry than
juvenile fish returning as adults. Back-calculated length atocean entry, freshwater
circuli, and scale radius were significantly larger for jacks than adults (Table 10).
Olson (1978) demonstrated that larger downstream migrating smolts havea
higher survival rate in the ocean than smaller individuals in their cohort. Mathews
and Ishida (1989) showed for hatchery coho salmon, thatmean length at release of
adult survivors was significantly larger than themean length at release for six release
lots, suggesting greater mortality of smaller fish than largerones. Larger smolts may,
because of greater swimming speed, have advantages over smaller individuals in their
cohort in both capture of prey and escape from predators (Taylor and McPhail
1985). Holtby et al. (1990) demonstrated that large smolts hada measurable survival
advantage in years when overall marine survival waspoor.
Lake-reared juvenile fish from the 1968 brood were found to be largerat ocean
entry, to have higher number of freshwater circuli, larger freshwater scale radius
(Table 11), and higher relative survival than stream-lake-reared juvenile cohosalmon
from that brood. Only two of the four types described returned in largeenough
numbers to be compared statistically, stream-lake- and lake-reared fish (types 2and
4). Juvenile coho salmon of the 1968 broodwere the first to rear in the system after55
the rotenone treatment. Competition and predation from other fish species of the
system are therefore likely to have been very limited. Juvenile coho salmon that
moved down into the lakes apparently grew better than their stream-dwelling
counterparts.The proportions of stream-lake-reared and lake-reared smolts
compared to that of returning jacks and adults indicate that lake-reared fish hada
greater relative survival in the ocean than stream-lake-reared fish.This finding
supports the hypothesis that survival during seaward migration and residence in the
ocean may be size-dependent.
Some inconsistency in the data was found in the proportions of type 1 fish among
the observed smolts, jacks, and adults of the 1968 brood (Table 9). Fish of type 1
were not found among the observed smolts, but were represented in the returns of
both jacks and adults. It may be that migration to the ocean of the stream-rearing
fish occurred later than that of the lake-rearing fish. Stream-reared fishmay have
behaved differently when migrating through the lakes than the lake-reared fish and
were therefore not caught as easily.
Swain and Holtby (1989) demonstrated differences in morphology and behavior
between juvenile coho salmon rearing in Mesachie Lake and its tributary stream in
British Columbia. Their study showed the lake-rearing fish to havemore streamlined
body shape whereas the stream-reared fish had a deeper body shape. They did not
though find the two groups to be distinctive in length. Similar to the lake system in
British Columbia, the stream and lake environment of the Tenmile Lakessystem
may have offered different selection pressures in respect to food abundance, energy
expenses, and intra- and interspecific competition.If these selection pressures
produced divergent forms it would suggest that juvenile coho rearing in the two
locations, the tributaries and the lakes, were genetically different.For genetic
isolation to occur, the spawning fish would have to be spatiallyor temporally
separated. The spawning populations of the Tenmile Lakes basin have not been
reported to be separated into distinct groups. However, the lack of informationon
this stock's ecology, morphology, and genetic constitution limits further speculation
on this point.56
Growth of fish of each juvenile life history type was not distinctly different among
years according to circuli numbers and scale radius except for type 4, lake-reared
fish. The lake-rearing fish of the 1954 brood were found to have fewer freshwater
circuli and smaller scale radius than lake-rearing fish of other years (Table 13),
which could indicate they grew less well. It can be hypothesized that a high density
of fish rearing in the lakes in 1955-56 compared to the other years studied may have
caused slower growth rates of the lake-rearing fish. The size of the population of
fish rearing in lakes may largely be a function of spawning escapement (Swales et al.
1988). The estimated spawning population in 1954-55 consisted of 18,000 adults and
21,500 jacks and produced good returns of jacks in 1956 and adults in 1957 (Table
1).The results from the analysis of scales of adult fish of the 1954 brood also
suggest that a large proportion of the juvenile coho salmon reared in the lakes.
Although salmonids that rear in lakes are not likely to defend territories as they
do in streams (Noakes and Grant 1986), the high density of young coho salmon in
the lakes may have affected their growth rate. In addition, yellow perch and brown
bullhead were present in large numbers in the lakes, even though an attempt was
made to lower their populations in 1952-55. Competitive pressure from yellow perch
and brown bullhead may also have affected growth rates of the lake-rearing
population of coho salmon.
The spawning escapement in 1960-61 was fairly low, only about 3,600 female
spawners, about one-third of what it was in 1954-55. This low escapement no doubt
resulted in a smaller lake-rearing population of juvenile coho salmon in 1961-62
compared to 1955-56, and growth rates may have been greater.The spawning
population in 1968-69 on the other hand produced even better returns of coho
salmon than the 1960-61 spawning population, with more than twice the number of
jacks and adults (Table 1). This large return from the 1968 brood suggests that the
presence of competitors and predators in the lakes may be one of the major factors
affecting survival of juvenile coho salmon in this system.
The results indicate that fish of the 1960 brood that reared in the lakes and
returned as jacks may have grown at a faster rate or acquired larger size than lake-57
reared juveniles of the 1968 brood that returned as jacks (Table 14). Apart from
possible difference in abundance of the lake-rearing populations, a plausible
explanation for this difference is not easily established and the resultsare
contradictory to the conditions of the lake environment experienced by the 1960 and
1968 broods. However, different limnological conditions and the abundance and
composition of prey species available for juvenile coho salmon in the lakes may have
affected their growth rate.Presently, Neomysis mercedes appears to be the most
favorable food source utilized by all fish species of the lakes (Gestring 1988;
Gestring 1991), but earlier, chironomid larvae were the most favored food of the
juvenile coho salmon that reared in the lakes (Al McGie, Oregon Department of
Fish and Wildlife. Pers. commun.).
Fish that reared in the lakes and returned to freshwater as jacks seem to have
grown better and laid down more circuli than lake-reared fish returning as adults
(Table 15).Ricker (1972) suggested that hereditary factors are at least partly
involved in rate of growth and age of return at maturity. Tendency toward early
maturity may be genetically induced and be fully expressed when favorable
environmental conditions occur (Bilton et al. 1982). If this proposition is true, then
some proportion of the faster growing juveniles in a population would show a greater
tendency to mature earlier and return as jacks (Bilton et al. 1982). Bilton (1978)
showed that size of smolts and time of release had an effect on the proportion of fish
returning as jacks to Rosewall Creek, Vancouver Island. Larger smolts appeared to
produce more jacks, but late releases of smolts appeared to produce fewer jacks.
Importance of the Tenmile Lakes as a rearing habitat for juvenile coho salmon
Based on the analysis of scales, lake-reared juvenile coho salmon formerly
contributed in great numbers to adult returns.It appears that the amount of
freshwater rearing area used by juvenile coho salmon in the Tenmile Lakes system
was once substantially larger, and the total yield of effective migrants was much
higher than today.58
It has become evident that salmonid species are more flexible in their choice of
freshwater environment than was previously believed, e.g. Atlantic salmon (Salmo
salar) (Hutchings 1986; Ryan 1986), and rainbow trout (Irvine and Northcote 1982).
Hutchings (1986) demonstrated the significance of lakesas an available rearing
habitat for Atlantic salmon by showing that lake-rearingparr grew at a faster rate
than riverine parr. Similarly, the findings of the present studysuggest that juvenile
coho salmon rearing in the lakes were significantly larger than those rearing in the
tributaries. The major factors contributing to greater growth of juvenile fish rearing
in the lakes probably included abundant food resources, reducedenergy required to
hold positions, and reduced competition between conspecifics.
Evidence suggests that fish of larger size aremore likely to survive through the
winter than are smaller individuals. Mason (1976) demonstrated that lipidreserves
of juvenile coho salmon declined at a faster rate for fish less than 60mm than for
larger fish. Additionally, larger smolts may havea higher chance of surviving in the
ocean to maturity (Olson 1978; Mathews and Ishida 1989; Holtby et al. 1990).
The adaptive significance of migration to the lakes is illustrated by increased
growth and survival experienced by lake-rearing fish compared to stream-rearing fish.
In order to enhance individual fitness, migration to lakes would bea suitable tactic
(Hutchings 1986). However, the conditions of the lakes have changedover time and
presently the lakes appear to be an unfavorable habitat for juvenile coho salmon.
Therefore, utilization of the lakes as a freshwater rearing habitatmay no longer be
an adaptive strategy for coho salmon of this system.
The Tenmile Lakes coho salmon is thought to beone of the premium stocks on
the coast of Oregon and interest is high in restoring this stockto a higher level. The
most promising strategy already proposed involves salvaging fry from the tributaries
and rearing them in a hatchery until November of their firstyear, then releasing
marked fry into the lakes (Reimers 1989). In the fall thetemperature decreases and
the warmwater species become less active. Theymay therefore not prey as heavily
on the juvenile coho salmon. Additionally, the young coho would have reacheda
larger size and would therefore have a greater probability of escapingfrom59
predators. By postponing the "entry" of fry into the lakes the survival of the juvenile
population may be improved and in the long run provide better returns of adults.
In order to enhance this stock to a higher level, management strategies should be
focused on making the lake habitat available to juvenile coho salmon for at least
some part of their freshwater life.60
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Appendix 1. The relationship between fork length (L) and scale radius (S) (x88) for
juvenile, jack, and adult coho salmon of the 1968 brood (n =569).Appendix 2. Comparison of classification of a subsample of scales of returning adults of three broodyears into juvenile
life history types. The first reading (A) was performed by the author of this project and thesecond
reading (B) by Alan McGie, Oregon Department of Fish and Wildlife. Typeswere grouped into stream-
reared, stream-lake-reared, and lake-reared (type 1, types 2 and 3, type 4).
Brood year
1954 1960 1968
A B A Ba A
Life
history n % n % n % n % n % n %
types
1 6 12.2 4 8.2 9 18.0 24 48.0 0 0.0 2 9.5
2 and 3 8 16.3 6 12.2 22 44.0 9 18.0 7 333 6 28.6
4 35 71.4 39 79.6 19 38.0 17 34.0 14 66.6 13 61.9
Total 49 100.0 49 100.0 50 100.0 50 100.0 21 100.0 21 100.0
a Results from an earlier scale reading of returning adults of the 1960 broodwere 34%, 34%, and 32% for type 1, types 2 and 3, and type 4,
respectively.68
Appendix 3.Correlation analysis of discriminant scores with scale variables and
fork length of all adult fish of the four brood years examined.
Acronyms for variables are described in Table 2.DF1 stands for
correlation of first discriminant function with the selected variables,
and Var \Var for correlation between variables.An asterisk (*)
indicates the variables with the highest correlation.
Brood year
1954 1960 1968 1982
Sample size 105 58 114 96
DF1
FL 0.1858 -0.0736 0.0933 0.1828
CNFFA 0.8674* 0.9942* 0.9722* 0.0925
CNFAOE -0.9737* -0.0446 -0.6931 0.9292*
CNOEOA 0.0865 -0.3446 -0.3041 -03773
CNOASE 0.0736 -0.2133 0.0277 -0.0864
SRFFA 0.7048 0.9539* 0.9485* 0.0828
SRFAOE -0.7726 -0.1605 -0.7645 0.9224*
SROEOA 0.1348 -0.2186 -0.1407 -0.1983
SROASE 0.0809 -0.2379 -0.0429 -0.2301
Var\Var
FL\CNFFA 0.0397 -0.0052 0.0936 -0.0099
FL\CNFAOE -0.1028 -0.0739 -0.0516 0.2013
FL \CNOEOA 0.0332 0.2729 0.0187 -0.0394
FL\CNOASE 0.2689 0.2532 0.5449 0.4570
FL\SRFFA -0.0124 -0.0354 0.1386 0.0274
FL\SRFAOE -0.0713 -0.1308 -0.0176 0.2323
FL \SROEOA 0.1038 03719 0.2645 0.0568
FL\SROASE 0.3042 0.3877 0.6354 0.4508
CNFFA\CNFAOE -0.5873 -0.0889 -0.7114 -0.1049
CNFFA\CNOEOA 0.1808 -0.2701 -0.1884 0.0072
CNFFA\CNOASE 0.1825 -0.2173 0.0016 -0.1534
CNFFA\SRFFA 0.8997* 0.9469* 0.9287* 0.6093
CNFFA\SRFAOE -0.5251 -0.1968 -0.7300 -0.0868
CNFFA\SROEOA 0.3493 -0.1474 -0.0885 0.0183
CNFFA\SROASE 0.1913 -0.2421 -0.0728 -0.2064
CNFAOE\CNOEOA-0.0558 -0.3883 0.0359 -0.5182
CNFAOE \CNOASE 0.0429 -0.1304 -0.0304 0.0663
CNFAOE \SRFFA -0.4915 -0.1337 -0.7093 0.0366
CNFAOE \SRFAOE 0.9294* 0.9380* 0.9219* 0.9199*
CNFAOE\SROEOA-0.0762 -03270 -0.0378 -03923
CNFAOE \SROASE 0.1843 -0.0851 0.0217 0.0061Appendix 3.Cont.
Brood year
1954 1960 1968 1982
Var\Var
CNOEOA\CNOASE -0.2958 -0.3125 -0.0849 -0.3664
CNOEOA \SRFFA 0.1707 -0.3422 -0.1927 -0.1167
CNOEOA\SRFAOE -0.0770 -0.3633 0.0162 -0.4627
CNOEOA \SROE0A 0.8273* 0.9064* 0.4962 0.8368*
CNOEOA \SROASE -0.3057 -0.3069 -0.0778 -0.3391
CNOASE \SRFFA 0.2374 -0.1574 0.0710 -0.0908
CNOASE\SRFAOE 0.0666 -0.1738 0.0152 0.0898
CNOASE \SROE0A -0.0713 -0.3109 0.1170 -0.2805
CNOASE\SROASE 0.9198* 0.9121* 0.8625* 0.8843*
SRFFA \SRFAOE -0.4363 -0.2061 -0.7188 0.0434
SRFFA \SROE0A 0.4259 -0.2276 0.0286 0.5108
SRFFA \SROASE 0.2838 -0.1626 0.0368 -0.0821
SRFAOE \SROE0A -0.0555 -03120 -0.0225 -0.2916
SRFAOE \SROASE 0.0506 -0.1009 0.0926 0.0148
SROE0A \SROASE -0.0092 -0.2691 0.2389 -0.2368
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Appendix 4.Correlation analysis of discriminant scores with scale variables and
fork length of all returning jacks of two of the brood years examined.
Acronyms for variables are described in Table 2.DF1 stands for
correlation of first discriminant function with the selected variables,
and Var \Var correlation between variables. An asterisk (*) indicates
the variables with the highest correlation.
Brood year
1960 1968
Sample size 75 102
DF1
FL 0.5311 0.4609
CNFFA 0.8767* 0.9552*
CNFAOE 0.1599 -0.1702
SRFFA 0.8225* 0.9129*
SRFAOE 0.0885 -0.2207
VaLyar_
FL\CNFFA 0.4534 0.2604
FL\CNFAOE 0.2016 -0.0105
FL\SRFFA 0.4412 0.3168
FL\SRFAOE 0.1761 -0.0997
CNFFA\CNFAOE -0.2775 -0.3471
CNFFA\SRFFA 0.8988* 0.8998*
CNFFA\SRFAOE -0.2514 -0.3688
CNFAOE \SRFFA -0.3051 -0.4009
CNFAOE \SRFAOE 0.9355* 0.8911*
SRFFA\SRFAOE -0.2879 -0.4411Appendix 5. Comparison of frequency of juvenile life history types classified from scales ofspawning adults at the tributaries
of the Tenmile and North Tenmile Lakes. n= sample size.
Brood year
1954 1960 1982
Tenmile North Tenmile Tenmile North Tenmile Tenmile North Tenmile
Life
history
types
n % n % n % n % n % n %
1 3 4.3 1 2.8 19 38.8 5 55.6 40 85.1 46 92.0
2 2 3.0 3 8.3 7 143 1 11.1 7 14.9 4 8.0
3 1 1.4 0 0.0 1 2.0 0 0.0 0 0.0 0 0.0
4 63 913 32 88.9 22 44.9 3 33.3 0 0.0 0 0.0
Total 69 100.0 36 100.0 49 100.0 9 100.0 47 100.0 50 100.0210
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Appendix 6.Residual plots against: scale radius (A), natural logarithm of scale
radius (B), testing equality of variances. A normal probability plot of:
residuals (C), natural logarithm of residuals (D), testing for linearity.